
ACS No. 3CH2 



7 




NATIONAL ADVISORy COMMITTEE FOR AEROJ«OTir^' 



WARTIME UEPI 

ORIGINALLY ISSUED 
July 19U3 as 
Advance Confidential Report 3G12 

PLIGHT MEASDRBMMTS OP CCMPRESSIBILITr EFFECTS 
CH A TEEIEE-BLADE THIN CLARK Y PKOPELLEIl 
QPEEATIUG AT OCKST/lffT AIJVMCE-DIAMETER 
BATIO MI) BLAIffl ANGLE 
By A. W, Vogeley 

Langley Memorial Aeronautical Laboratory 
Langley Field, Ya. 



711 




v^.. WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribuUon of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 

L - 505 



X BB A TUM 

Wartime Bsport 
(Originally Issued as BACA ACB Ro. yXLZ, JlOy 1^3.) 

MJXar NSLSDBEMBmS OP (X}HFiaESSIBILnY ZBIFSCOB 

(nr A mBEB-BEAiB fFmr cslaxc y kboeeller 

aEEBftOnilG AT CGIIfS9!AnT AWAllOB-inAMBIEB 
BftTIO AND HLAXB ABCSJS 
By A. W> Togelegr 

Please liiserb the attaobed table H In ycynr cosor of Mbe etibject petper 



16 - 

rXBia XZ . BBB9LS8 JLTIHR OOITSBSIOH OT DATi. TO T/nB - 2.37 
CVAOA 10-4-08.03aCT three-'blade propeller ea Bell 
TP -39 airplane; P ■ 46.8**] 



Bun 






Shank 
thrust loss 
(percentage 
lov- speed 

Og.) 


Sip thrust 
l«ss 

. (preroentage 
■ low- speed 
Og.) 


Decrease 
In torque 
. (pereeatage 
loir- speed 

Oft) 


Lov speed arerage 




0.0630 


0.0340 










Elgh spee 


d 


A 


0.0676 


0.0314 


9.0 


6.9 


7.7 ' 


B 


.0686 


.0319 


11.3 


6.8 


5.9 


0 


.0666 


.0311 


11.1 


7.9 


9.7 


D 


. .0673. 


.0330 


11.9 


6.9 


6.9 


1 


.0658 


.0314 


13.3 


7.7 


7.6 


7 


'.0589 


.0396 


13.6 


13.6 


13.9 



3 1176 01363 9697 



ITATIOHAL ABTISOBT COKHHCIZB TOB AJSROltiLnXIOS 



ASVASCa CONTISanXIAL S2P0BI 



7LI&EX KBASTTRBHSirXS OT OOUFBSSSIBILITT EFTSGT8 
OZr A IEBXX-BIAD3B THIH CLABE T FBOfELLSB 
OFXBATIBa AS COirSTAVT ADTAHOE-DZAMEIEB 
BAT 10 iLSm BLADE AVaiB 
Bj A. V. Vogeley 



SUHHABT 



Tllght teste were made of a three-blade thin Clark T 
propeller (STACA 10-40a-032CY "blades) operating at a fixed 
"blade angle of approximately 46.8° at 0.75 radius, at an 
advauce-diameter ratio of 2.37, and at true airplane 
speeds of approximately 300 end 460 miles per hour. 

Comparison of the results ottained at 450 miles per 
hour with those olrtalned at 300 miles per hour indicated 
losses In propeller efficiency from 11 to 18 percent at 
high speed. It is Indicated that a large part of theBe 
losses may he due to poor shank sections. A decrease in 
thrust from the hlade tips up to 13 percent was also re- 
corded at high speed. Xheee tip loasos were counterbal- 
anced hy corresponding reductions In propeller torq,us. 



mrTBODUCIIOH 



As part of a program of flight tests of airplane pro- 
pellers to determine compresslhlllty effects at high 
speeds, tests have heen made of a thrao-hlade thla Clark 7 
propeller (VACA 10-408-03BGT) on a Bell TP-3g airplane. In 
these tests, the propeller hlade angle was fixed and the 
advanoe-dlamoter ratio V/nD was maintained essentially 
oonstant while runs were made at high and at low forward 
speeds. 

Shis report presents the data obtained from those 
teste with an analysis of the results. 
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STMBOLS. 

T/nD advance-diameter ratio 

7 true airspeed 

n rotational speed 

D propeller diameter 

P Beetlou "blade anglo 

B propeller radius to tip. . 

X ratio of section radius to propeller radius 

t "blade section cl^iord 

h 1)lade section 'thickness 

T propeller thrust 

r radial distance from thrust axis to surrey point 

p static pressure 

P||, total pressure 

Cp specific heat of air at constant pressure 

T alisolute temperature (with proper subscripts) 

E heat energy per unit mass of air added to slipstream 

fssO hhp (1 - fi) 1 

r O O 

?! propeller efficiency 

p density 

propeller torque 
Ciji propeller thrust coefficient 

propeller torque coefficient 
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(7 relative density 

M airplane Kaoh nualier 

U|. propeller-tlp Kaoh numlier 

y ratio of specific heat of air at constant pressure 

to specific heat of air at constant Yolume 

hpy vaste engine power 

hhp "brake horsepover 

Subscripts: 

0 -' station 0, plane ahead of propeller (free stream) 

1 station 1, survey plane hehlnd propeller 

2 statTon Z, plane "behind propeller where p^ = Pg 



D3SCHIFTI0N 0? FSGPSLLjSR AND T2ST E^UIPH^iNT 



General specifications of the propeller and powor 
plant are as follows: 



HumlJer of "blades Three 

Blade design . - UTACA 10-408-03BGY 

Blade design lift coefficient 0.4 

Slametor 10 feet, 5/8 Inch - 

Engine Allison 7-1710-35 

Fropoller gear ratio 'i, 1.8:1.0 



Tests were made without ouffs and with a spinner oot*< 
erlng approximately the inner 18 percent of the propeller 
diameter. The developed plan form and "blade seotlons of 
the HACA ljO-408-03aOY "blade are given- In fig:uro 1. In 
figures 2 and 3 aro' glvon tho pitch dl e^jj^ihutlon and tho 
hlado-wldth and the thlcknoss dlatrl'ovtious of tho hlades. 

' The survey equipment used -in moasurlnj; tho total pres 
sure rise "behind tho propeller and tho various other re- 
cording Instrumonts wcro tho same as the oqulpmant and In- 
strumonts doscrl'bod In roforonoo 1. In addition to tho 
Instruments llstod In reference- 1« a propollor-"blado-- 
settlng Indicator was Installed and was usod "by tho pilot 
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In locking the propeller to the approximate teat setting'. 
A recorder vae also Installed and vas used In obtaining a 
more precise measurement of the hlade setting. 

She original Intention was to use the hydraulic thrust 
meter to measure the total propeller thrust and to use the 
survey ta-izee to- Indicate the thrust distribution over the 
propeller radius. In this regard, the propeller spinner 
was modified to float on the propeller In such a vay that 
the axial load on the spinner vould not be transmitted to 
the thrust meter; the need for applying large splnner-load 
corrections to the thrust measurements was thus eliminated. 
In the early stages of the tests, large differences between 
thrust-meter values an-d survey values of thrust were noted 
and were attributed, In part at least, to the Inability of 
the spinner to float properly on the propeller. After re- 
peated attempts, although the splnnsr was apparently made 
to function satlsfaotbrliy, differences In the thrust val- 
ues remained. In order to Investigate further, attempts 
were made to recalibrate the thrust meter on the airplane. 
The results obtained from repeated calibration runs showed 
that the thrust meter was inconsistent but Indicated that 
the calibration had changed from the original calibration 
made on a special bench setup by as much as 180 pounds. 
She thrust meter was found to function so erratically that 
the data obtained with It are unreliable and not indicated 
In the present report. 

Failure of the hydraulic thrust meter to provide the 
desired measurement of total thrust made It nocesaary to 
rely entirely on the survey data for the measurement. A 
question then arose as to whether the survey tubes wero 
giving the correct mean value of the pulsating slipstream 
Impact pressure. She eharaetorlatlos ef the pressure- 
recording equipment when subjected to pulsating pressures 
were therefore investigated.'' Because the nature of the 
pulsating pressures Imposed on the survey rake In flight 
had not been determined, a wide range of pressure wave 
forms and amplitudes as well as the approximate range of 
frequencies was investigated. She range of conditions Is 
believed adequate to cover any flight conditions that may 
have existed. In no case was the error in measurement of 
average pressure by the survey tubes found to be greater 
than X2 percent. 

Because of the similarity In construction and opera- 
tion of the torque meter and the hydraulic thrust meter, 
it was also decided to recalibrate the torque meter on the 
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airplane. Vor this purpose, a dynamometer vas devised to 
accommodate the entire airplane and several oali'bz'atlon 
runs were made. It was' found that the torque-meter call- 
"bratlon had not changed and that its operation vas aatls- 
factory. 

. SB SI FBOOISUBB 



All tests reported were made at a hlade setting of 
approximately 46.8° at 0.75 radius. This setting Is very 
nearly the highest hlade setting ohtainahle with the use 
of full power and the mazimuo allovahle airplane speed. 

In each test run. it was necessary to dive the air- 
plane in order to maintain the required 7/nS. Vith the 
propeller set at an angle of approximately 46.8 , the dive 
for each run was started at about 80,000 feet. Curing the 
dive from 20,000 feet to 15,500 feet, the pilot endeavored 
to reach steady conditions of i;:;.dloated airspeed and engine 
spsed. The recording instruments were started at 15,500 
feet and records were taken until the airplane had passed 
14,500 feet. 

Zhe pilot . attempted to maintain the following condi- 
tions: 

High speed: 

Airplane indicatsd airspeed, mph 36C 

Sngine speed, rpm 3000 

Low speed: 

Airplane indicated airspesd, mph 240 

Sngine spesd, rpm .' 2000 

These conditions were so chosen that a V/nS of ap- 
proximately 2.37 vas reached at an altitude of 15,000 feet 
at both high and low speeds. 

BZSUCTION OF DATA 



In evaluating the data ^obtained from the test -runs*, 
the actual propeller blade settings were determined from 
the records of the blade-setting recorder. There was gen- 
erally some slight disagreement between indicated and re- 
corded blade settings owing to the lover precision of the 
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indicator. She test runs In vhlcli the "blade Bettings did 
not agree within ±0.05° with the required setting of 46.8° 
were discarded. 

All records of each selected run were then worked up 
as time historios. iE'rom these histories, points at which 
all roeorda were smooth were chosen. Iheso points wore 
finally worked up completely to give values of free-air 
temperature, freo-stream static pressure, true airapeod,- 
propeller rotational speed, engine torque, and the varia- 
tion of total pressure across the propeller slipstream. 

The propeller thrust was evaluated from the measure- 
ments of slipstream total pressure hy a simplified ver- 
sion of a formula expressing the increase of axial momen- 
tum imparted hy the propeller to the air .in the slipstream, 
She complete formula, which I9 derlvedrTK the appendix, 
is as follows: ■ ' 
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The factor ( = ) is a correction for the heat 

added to the slipstream by the propeller and may usually 
he neglected as in the present case. 

In the prosent tests Ap^ was measured directly, 

where 

APj = P^^ - Pj^- 

If ApQi is small in comparison with prp^ with the 
result that second-ordar terms in Z^p^ may he neglected 
and if Pj^ is assumed equal to -p^, the formula for 
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